Purpose The purpose of this study was to assess the relationship between shift work (SW) history and symptom severity in a sleep clinic population. Methods A retrospective chart review of 1,275 employed adult patients referred to a sleep disorders clinic was performed. Patients were categorized as working day shift, fixed evening or night shift, or rotating shifts. Sleep-related symptoms were assessed across three domains-sleepiness, insomnia, and apnea-related symptoms. Results The distribution of work shift was 69% day shift, 8% fixed evening or night shift, and 23% rotating shifts. In general, sleepiness and insomnia symptoms were greatest in fixed shift workers. In analyses adjusted for age, sex, education, race, BMI, habitual sleep duration, marital status, education level, alcohol intake, and smoking history, fixed shift workers were 4.8 times (95% CI, 1.9-12.5) more likely to report sleep onset difficulties, 3.3 times (95% CI, 1.2-9.1) more likely to report excessive caffeine intake, and 1.8 times (95% CI, 1.1-3.0) more likely to report drowsy driving as compared to day shift workers. In contrast, rotating shift workers reported more difficulty with sleep onset (OR 2.7; 95% CI, 1.3-5.6) relative to day shift workers. No relationship between work shift and apnea-related symptoms was identified. Conclusions Among patients referred to a sleep disorders clinic, shift workers and in particular fixed shift workers have greater difficulties with sleep onset, drowsy driving, and excessive caffeine intake. Given the presence of effective treatments for SW-related sleep symptoms, these findings suggest an underutilization of sleep medicine specialists for the care of patients with symptoms related to SW.
Introduction
It has been estimated that 20% of the workforce in industrialized nations is employed in a job that requires shift work (SW) [1] . People doing SW often have their work hours scheduled during their usual sleep time. As a result, SW can disrupt the sleep-wake cycle and its synchrony with circadian rhythms [2] . SW has been associated with excessive daytime sleepiness [3] that can result in drowsy driving-related accidents [4] . SW is also associated with insomnia [5] .
Complications of SW may be under-recognized by patients as well as physicians taking care of these patients. Physicians may not inquire about sleep problems and, even if elicited, may consider both insomnia and sleepiness symptoms as an expected outcome for patients performing SW and, consequently, may not refer these patients for treatment despite the presence of therapies for SW-related sleep disorder. Although most sleep disorder centers focus primarily on sleep apnea evaluation and management, because of the high prevalence of SW in the general population and its potential causal association with obesity [6] , SW is common in patients with sleep apnea.
To our knowledge, there have been no prior studies examining the prevalence of sleep symptoms in shift workers among patients referred to a sleep clinic. The goal of this study was to assess the relationship between SW history and symptom severity in such a referral population. If the referring physicians base decisions on referral to a sleep clinic on the severity of symptoms of daytime sleepiness and/or insomnia, one would expect shift workers to have similar severity of symptoms as day shift workers because once symptoms go over a minimum threshold, referral to a sleep clinic will be initiated. On the other hand, if referring physicians do not factor sleepiness and insomnia symptoms into their decision about sleep medicine referral but instead rely on other factors such as symptoms more specific to sleep apnea (e.g., history of snoring or witnessed apnea), then patients with SW would be expected to have more severe sleepiness and insomnia symptoms.
Methods
A retrospective chart review was performed of 2,298 consecutive adult patients seen between February 2007 and October 2009 in the Sleep Disorders Clinic and Laboratory at University Hospitals Case Medical Center, a tertiary care referral center. Of this cohort, 889 were excluded as they reported being retired or unemployed, and another 134 were excluded for not reporting work hours, leaving 1,275 patients for this analysis. This study was reviewed and approved by the Institutional Review Board at University Hospitals Case Medical Center.
As part of their clinical evaluation, all patients completed a questionnaire that included demographic characteristics; work schedule; use of alcohol, tobacco, and caffeine; usual sleep habits; symptoms related to sleep disorders; and co-morbid illnesses. Height and weight were measured by clinical staff, and body mass index (BMI) was calculated as the ratio of height to weight squared. Average sleep duration was calculated as a weighted average of self-reported sleep duration during weekends and weekdays.
Employed patients were initially divided into four groups (day shift, evening shift, night shift, and rotating shift) according to their usual work hours. Day shift was defined as typically working from 9 a.m.-5 p.m., evening shift as typically working from 3 p.m.-11 p.m., night shift as typically working from 11 p.m.-7 a.m., and rotating shift if work hours varied across these times. Because of the limited number of individuals working evening (n=58) and night (n=41) shifts, these two groups were combined for subsequent analyses.
Sleep-related symptoms were assessed across three domains-sleepiness, insomnia, and apnea-related symptoms. Sleepiness was assessed in three ways: excessive daytime sleepiness defined as an Epworth Sleepiness Scale [7] score above 10, excessive caffeine intake defined as the consumption of six or more cups of coffee or other caffeinated beverages per day, and drowsy driving defined as any instance of nodding off or falling asleep while driving. Insomniarelated symptoms included difficulty with sleep onset defined as an inability to fall asleep within 2 h and difficulty with sleep maintenance defined as a report of four or more awakenings per night. Sleep apnea-related symptoms included self-reported episodes of snoring and witnessed apnea, defined as any episode of stopping breathing evidenced by anyone.
Polysomnography was performed at our institution during the time period of the study in a subset of 705 patients. Attended overnight polysomnography was performed using Rembrandt polysomnographic system (Embla, Broomfield, CO). The recording montage included (F 4 -M 1 , C 4 -M 1 , O 2 -M 1 , F 3 -M 2 , C 3 -M 2 , and O 1 -M 2 ) bilateral electrooculography, submental and bilateral anterior tibial electromyography, thoracic and abdominal respiratory inductance plethysmography, and finger pulse oximetry. Nasal airflow and nasal pressure were measured using an oro-nasal thermistor and a nasal cannula, respectively. Polysomnography was performed according to American Academy of Sleep Medicine (AASM) standards [8] . Sleep was scored manually in 30-s epochs, and respiratory events were scored using AASM criteria [8] . In particular, apnea was defined as cessation of airflow for 10 s, and hypopnea was defined as a ≥50% reduction in airflow accompanied by a ≥3% drop in oxyhemoglobin saturation and/or arousal as per the alternative criteria in the AASM scoring manual. The apnea-hypopnea index (AHI) was defined as the number of apneas and hypopneas and divided by the total sleep time.
Statistical analysis
Descriptive data are presented as means ± standard deviation for continuous data and percentages for categorical data. Differences between groups were compared using one-way ANOVA and chi-squared tests for continuous and categorical data, respectively. Logistic regression was used to assess the influence of work shift on sleepiness, insomnia, and sleep apnea-related symptoms. Analyses adjusted for potential confounders including age, sex, race, BMI, education level, habitual sleep duration, married status, alcohol intake, and smoking history. For these analyses, each shift work group (fixed evening/night shift and rotating shift) was compared to day shift workers. A p value <0.05 was used to define statistical significance. All analyses were performed using SAS 9.1 (Cary, NC).
Results
Of the 1,275 employed patients analyzed, 884 subjects (69%) worked the day shift, 99 (8%) worked the fixed evening or night shift, and 292 (23%) worked rotating shifts. Descriptive characteristics of the employed patients are summarized in Table 1 . The mean age of the cohort was 46 years. In general, gender distribution, habitual sleep duration, and alcohol intake did not vary across work shift category. However, those who worked fixed evening or night shifts were younger, more obese, and were more likely to be of non-white race, be married, have a lower level of education, and smoke. In contrast, rotating shift workers and day shift workers were fairly similar in demographic characteristics. Among those with a sleep study available, the mean AHI was 29 and similar across work schedules. Sleep apnea was extremely common with 83% of patients having an AHI ≥5 and 54% having an AHI ≥15.
In terms of sleepiness symptoms, the prevalence of drowsy driving was greatest in the fixed shift workers (43.9%) compared to rotating (34.3%) and day shift workers (28.3%), p=0.002 (Table 2) . A similar pattern was seen with respect to the prevalence of excessive caffeine intake, which was highest in fixed shift workers (8.2%), intermediate in rotating shift workers (5.2%), and lowest in day shift workers (3.2%), p=0.03 (Table 2 ). In contrast, no significant difference was noted for excessive daytime sleepiness. With regard to symptoms of insomnia, sleep maintenance complaints were equally common across work shift groups, but sleep onset problems were more common in fixed shift workers: 12.4% of fixed shift workers took >2 h to fall asleep, while only 3.3% of day shift workers and 7.8% of rotating shift workers reported this problem (p < 0.001). In contrast, there were no significant differences in the prevalence of more specific OSA symptoms such as snoring or witnessed apnea amongst the groups (Table 2) .
Logistic regression analyses adjusting for age, sex, education, race, BMI, habitual sleep duration, marital status, education level, alcohol intake, and smoking history were performed to assess the impact of job shift on predicting each symptom independent of potential confounders. In adjusted analyses, when compared to day shift workers, fixed shift workers presenting to the sleep clinic had 4.8 higher odds of sleep onset difficulties (95% CI, 1.86-12.53), 3.3 higher odds of excess caffeine intake (95% CI, 1.19-9.12), and 1.8 higher odds of drowsy driving (95% CI, 1.09-3.02) ( Table 3 ). Compared to day shift workers, rotating shift workers were 2.7 times more likely to report sleep onset difficulties (95% CI, 1.28-5.64) in adjusted analyses. Work shift was not predictive of the presence of witnessed apnea, snoring, sleep maintenance, or All values are expressed as mean ± standard deviation or percentages BMI body mass index a n (total)=705, including 494 day shift workers, 47 fixed evening/night shift workers, and 164 rotating shift workers excessive daytime sleepiness between day shift workers and fixed or rotating shift workers. Additional adjustment for presence of moderate to severe sleep apnea in the subset with polysomnography data did not materially affect the results (data not shown).
Discussion
This study suggests that in comparison with day shift workers, those working fixed shifts in the evening or overnight hours presenting to a sleep clinic are more likely to report difficulties with sleep onset and also to have more sleepiness as assessed by excessive caffeine intake and reports of drowsy driving. Rotating shift workers also reported more difficulties with sleep onset. These findings are strikingly similar to those reported by studies evaluating the prevalence of sleepiness and insomnia in people doing SW [9] [10] [11] . In one such study, Harma et al. demonstrated that insomnia was prevalent in approximately 46-47% of people working in second and third shifts, and excessive daytime sleepiness was seen in 20-37% of second and third shift workers [12] . Drake et al. showed that the prevalence of insomnia or excessive daytime sleepiness is 32% and 26% in night and rotating shift workers, respectively [13] .
In a study of a large sample of nurses, 79.5% of those working the night shift reported at least one drowsy driving incident, equal to an increased odds ratio (OR) of 3.96 (95% confidence limit [CI]=3.24-4.84) relative to nurses working a day shift [14] . Smith and colleagues demonstrated that working a night shift increased on-road accidents by 50% [15] . Ohayon and colleagues reported the prevalence of difficulty initiating sleep (20.1% vs. 12.0%) was greater in rotating daytime shift workers (daytime and afternoon) compared to fixed night shift workers [5] .
Our results indicate that even among patients referred to a sleep clinic, shift workers have greater symptoms of excessive daytime sleepiness and insomnia compared to other patients. These data suggest that primary care physicians are: (1) underutilizing sleep medicine expertise in the assessment and treatment of patients for SW sleep disorder and (2) are either basing decisions on referral for sleep apnea evaluation on sleep apnea-specific symptoms such as snoring and witnessed apnea rather than on symptoms of sleepiness and insomnia, or are accounting for the effect of SW on these symptoms in deciding whether the level of symptoms is abnormal for the patient. This accounting for the effect of SW may be occurring at the level of the physician but may also be at the level of the patients who decide that the symptoms they are experiencing are "normal" given their work schedule and so do not require evaluation or treatment. This dismissal of symptoms, particularly drowsy driving, because the cause is known, can prove catastrophic. As such, our findings suggest that both referring physicians and the general population, in particular, those performing SW, need greater education about the existence of treatment options for sleep symptoms arising from SW. While it may be tempting based on our findings to conclude that SW produces greater effects on sleepiness and insomnia than sleep apnea, it is important to remember that the vast majority of patients in this cohort had sleep apnea. Thus, the comparisons being made in this report may be more accurately interpreted as SW plus sleep apnea compared to sleep apnea alone.
To the best of our knowledge, this is the first study evaluating sleep disturbances in people who do shift work presenting to a sleep clinic. Strengths of this study include the large and diverse cohort examined and the standardized data collection utilized. In addition, we were able to separately evaluate the effects of fixed evening/night SW from rotating SW.
Limitations of the study should also be noted. We were not able to assess the indication for referral in each patient. However, the vast majority of patients referred to this Sleep Disorders Clinic are for evaluation and management of obstructive sleep apnea. We also cannot exclude the possibility of confounding due to unmeasured factors that influenced both work schedule and sleep-related symptoms. Socioeconomic status is strongly associated with work schedule as well as health outcomes. We adjusted for level of education, but this may not completely measure socioeconomic status.
In summary, our results suggest that among patients referred to a Sleep Disorders Clinic, shift workers and in particular fixed evening or night shift workers have greater difficulties with sleep onset and drowsy driving. Given the presence of effective treatments for SW-related sleep symptoms [16] , these findings suggest an underutilization of sleep medicine specialists for the care of patients with symptoms related to SW. Campaigns to increase both knowledge of the adverse impact of SW on sleep as well as awareness of the resources available to treat these symptoms are needed. These should be aimed at educating shift workers, their employers, and physicians who care for shift workers.
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